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,QWURGXFWLRQ
&RQVWUXFWLRQ LQGXVWU\ SURYLGHV JUHDW DQG VLJQLILFDQW DPRXQW RI RSWLRQV IRU XVH RI LQGXVWULDO ZDVWHV LQ
PDQXIDFWXULQJRIVRPHEXLOGLQJPDWHULDOVRULQWKHGHYHORSPHQWRIQHZRQHV7KHJOREDOGHYHORSPHQWRIFRQVXPHU
VRFLHW\ KRZHYHU OHDGV WR DQ HQRUPRXV LQFUHDVH LQZDVWH SURGXFWLRQ DQG SUREOHPVZLWK WKHLU GLVSRVDO WKHUHIRUH
QHFHVVLW\RISURFHVVLQJWKHZDVWHVHYHQDWKLJKHUHQHUJ\H[SHQVHDQGILQDOFRVWLVGLVFXVVHGVWLOOPRUH>@
0RUHRYHU LW LV DZHOO NQRZQ IDFW LQ WKH ILHOG RI FRQVWUXFWLRQPDWHULDOV WKDW SRWHQWLDO RI VRPH VHFRQGDU\ UDZ
PDWHULDOVFDQEHVLJQLILFDQWO\LQFUHDVHGDQGXVHGDIWHU WKHLUDGMXVWPHQW7KHUHVXOW LVKLJKHUH[WHQWRIYDORUL]DWLRQ
HYHQ RIZDVWHV WKDWZHUH QRW VXLWDEOH LQ WKHLU RULJLQDO IRUP$W WKH VDPH WLPH SDUDPHWHUV DUH LPSURYHG RU QHZ
SDUDPHWHUVDSSHDU
)O\DVKHVLQILQHJUDLQIRUPFDQEHXVHGLQFRQFUHWHVDV
x DGGLWLYH
x FRPSRQHQWRILQRUJDQLFPDWHULDOVIRUVHFRQGDU\SURWHFWLRQRIWKHFRQFUHWH
%\ DSSO\LQJ ERWK FODVVLF DQG XQXVXDO DGMXVWPHQWPHWKRGV LW LV SRVVLEOH WRPRGLI\ SDUDPHWHUV RI IO\ DVKHV WR
LPSURYHWKHPIRUDSDUWLFXODUSXUSRVHRIXVH$GMXVWPHQWRIILQHQHVVRIWKHSDUWLFOHVLVRQHRIWKHZD\VWRLPSURYH
XVDELOLW\RIZDVWHVDQGSRVVLEOHLPSURYHPHQWRIEXLOGLQJPDWHULDOVSDUDPHWHUV
*ULQGLQJ LQ FODVVLF SRLQW RI YLHZ LV XVHG WRGHFUHDVH WKH VL]H RI SDUWLFOHV%\ LQWHQVLYHJULQGLQJ LQIOXHQFHRI
PHFKDQLFDO HQHUJ\ LV FDXVLQJ YDULRXV SURFHVVHV DQG PRGLILFDWLRQV ZKLFK VLJQLILFDQWO\ LQIOXHQFH UHDFWLYLW\ RI
SRZGHUPDWHULDOVVXFKDVIO\DVK
)O\DVKLVUHFRYHUHGLQWKHIRUPRIDILQHGXVWE\WKHGXVWFROOHFWRUVRIIXUQDFHVEXUQLQJSXOYHUL]HGFRDO)O\DVK
PD\EHVLOLFHRXVFRQVLVWLQJPRVWO\RIUHDFWLYHVLOLFRQGLR[LGH6L2DQGDOXPLQLXPR[LGH$,2ZLWKSR]]RODQLF
SURSHUWLHVRUFDOFDUHRXVFRQVLVWLQJRIUHDFWLYHFDOFLXPR[LGH&D2UHDFWLYHVLOLFRQGLR[LGH6L2DQGDOXPLQLXP
R[LGH $,2  DQG KDYLQJ ERWK SR]]RODQLF DQG K\GUDXOLF SURSHUWLHV DQG LW FRQVHTXHQWO\ VHUYHV DV D VXLWDEOH
DOWHUQDWLYHUDZPDWHULDO
7KH IO\ DVK VLPLODU WR RWKHU SR]]RODQV DIIHFWV WKH WHFKQLFDO SURSHUWLHV RI WKH FRQFUHWHV DQG PRUWDUV E\ LWV
SR]]RODQLFFKDUDFWHULVWLFVDQGE\LWVILOOHUHIIHFW,WLVNQRZQWKDWWKHILOOHUHIIHFWRIWKHIO\DVKLVPRUHHIIHFWLYHWKDQ
WKH SR]]RODQLFZKHQ FRQVLGHULQJ WKH SURSHUWLHV RI FRQFUHWH 7KH IO\ DVKHV KDYH SR]]RODQLF DFWLYLW\ EHFDXVH WKH\
FRQWDLQVXUSOXVDPRXQWRIVLOLFDDOXPLQDDQGLURQR[LGHWKH\KDYHDVWUXFWXUHZLWKYHU\ILQHDPRUSKRXVSDUWLFOHV
0DWHULDOVZLWKVLOLFDDQGDOXPLQDLQWKHVWUXFWXUHRIIO\DVKHVPDNHDGGLWLRQDOFDOFLXPVLOLFDWHK\GUDWH&6+E\
UHDFWLQJZLWKFDOFLXPK\GUR[LGHRFFXUULQJDVDFRQVHTXHQFHRIK\GUDWLRQRIWKHFHPHQW7KHUHVXOWDQW&6+JHOV
FDXVH LQFUHDVH LQ VWUHQJWKRI WKH FRQFUHWH)XUWKHUPRUH WKH IDFW WKDW IO\ DVK FRQWDLQV YHU\ ILQHSDUWLFOH LQFUHDVHV
FRPSDFWQHVVLQWKHFRQFUHWHVRUPRUWDUDQGFDXVHVILOOLQJRIWKHVSDFHV8VLQJWKHIO\DVKLQWKHFRQFUHWHJHQHUDOO\
LQFUHDVHV WKH ZRUNDELOLW\ RI WKH IUHVK FRQFUHWH GHFUHDVHV WKH EOHHGLQJ GHFUHDVHV WKH K\GUDWLRQ WHPSHUDWXUH
GHFUHDVHV WKH SHUPHDELOLW\ RI WKH KDUGHQHG FRQFUHWH LQFUHDVHV UHVLVWDQFH RI WKH FRQFUHWH WR WKH FKHPLFDO HIIHFWV
ORQJWHUPVWUHQJWKDQGGHFUHDVHVWKHFRVWV
7KHHIIHFWVRIWKHILQHQHVVRIIO\DVKRQWKHFRQFUHWHSURSHUWLHVDUHDOVRZLGHO\GLVFXVVHG,WKDVEHHQVKRZQWKDW
WKHJULQGHGDVKZLWKKLJKILQHQHVVSURYLGHGKLJKHUSR]]RODQLFDFWLYLW\DQGHDUO\VWUHQJWKWKDQWKHPRUWDUVSURGXFHG
ZLWKFRDUVHDVKHVXVHGZLWKRXWJULQGLQJ,WZDVIRXQGWKDWLQFUHDVHLQWKHFRPSUHVVLYHVWUHQJWKZDVUHPDUNDEOHZLWK
LQFUHDVLQJILQHQHVV
7KHDXWKRUVDOVRFRQFOXGHGWKDWILQHUIO\DVKPDNHWKHKDUGHQHGFHPHQWSDVWHPRUHFRPSDFWDQGGHQVHUDQGWKXV
LWVFRQWULEXWLRQWRWKHVWUHQJWKZDVKLJKHUFRPSDUHGWRWKHFHPHQWSDVWHZLWKRULJLQDOIO\DVK$IWHUWKHWHVWLQJRI
YDULRXV SRUWLRQV RI IO\ DVK DV FHPHQW UHSODFHPHQW WKH KLJKHVW YDOXHV RI WKH FRPSUHVVLRQ DQG VSOLWWLQJ WHQVLOH
VWUHQJWKVRIWKHFRQFUHWHVZHUHIRXQGZLWKIO\DVKUHSODFHPHQW,WKDVEHHQUHSRUWHGWKDWDVWKHUHSODFHPHQWUDWH
LQFUHDVHGFRPSUHVVLYHDQGVSOLWWLQJWHQVLOHVWUHQJWKVGHFUHDVHG>@
,QWKHVWXG\>@LWZDVREVHUYHGWKDWWKHFKDUDFWHULVWLFSDUWLFOHVL]HRIIO\DVKJURXQGE\EDOOPLOOYLEUDWLRQPLOO
DQGMHWPLOOZDVȝPȝPDQGȝPUHVSHFWLYHO\ZKHQDYHUDJHSDUWLFOHVL]HZDVDERXWȝP
7KH XQLIRUPLW\ FRHIILFLHQW RI IO\ DVK JURXQG E\ EDOO PLOO YLEUDWLRQ PLOO DQG MHW PLOO ZDV   DQG 
UHVSHFWLYHO\8VLQJWKHVHPDWHULDOVWKHPRUWDUVWUHQJWKZDVLQFUHDVHGZKHQWRSHUFHQWRIJURXQGIO\DVKZDV
DGGHGDVZHOODVWKHKLJKHVWIOXLGLW\RIPRUWDUZDVREWDLQHGE\DGGLQJWKHSHUFHQWRIJURXQGIO\DVKFRPSDULQJ
ZLWKWKHPRUWDUVZLWKQRIO\DVKDGGLWLRQ
7KHILQHSDUWLFOHVRIIO\DVKFDQSOD\DOVRDYHU\VLJQLILFDQWUROHIRUWKHVHUYLFHOLIHRIFRQFUHWH7KHVHUYLFHOLIH
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DQGGXUDELOLW\RIDFRQFUHWHVWUXFWXUHVWURQJO\GHSHQGRQLWVPDWHULDOWUDQVSRUWSURSHUWLHVVXFKDVSHUPHDELOLW\DQG
GLIIXVLYLW\ ZKLFK DUH FRQWUROOHG E\ WKH PLFURVWUXFWXUDO FKDUDFWHULVWLFV RI FRQFUHWH >@ 6SHFLDO HIIHFWV RI KLJK
ILQHQHVVIO\DVKFDQEHVHHQLQFRQFUHWHVZLWKUHF\FOHGDJJUHJDWHV,WZDVGLVFRYHUHGWKDWKLJKILQHQHVVRIIO\DVK
FDQEHXVHGWRLPSURYHYDULRXVSURSHUWLHVRIUHF\FOHGDJJUHJDWHFRQFUHWH>@
$VVWDWHGLQWKHEULHIDERYHIO\DVKHVZLWKILQHJUDQXORPHWU\FDQSOD\DQLPSRUWDQWUROHLQFRQFUHWHVDQGRWKHU
FHPHQWEDVHGPDWHULDOV5HVXOWVIURPODERUDWRU\JULQGLQJDUHPRVWO\SXEOLVKHGLQH[SHUWUHIHUHQFHV+RZHYHUWKHUH
LVDUHTXHVWIRUODUJHDPRXQWVRIJURXQGDVKIRULQGXVWULDODSSOLFDWLRQVWKHUHIRUHODUJHFDSDFLW\FRPPHUFLDOJULQGLQJ
LVQHFHVVDU\ WR WDNH LQWRDFFRXQW3DUDPHWHUVRI IO\DVKDIWHU WKH ODERUDWRU\JULQGLQJFDQEHVLJQLILFDQWO\GLIIHUHQW
IURPWKRVHDIWHU WKHODUJHFDSDFLW\JULQGLQJ7KHUHIRUH WKHREMHFWLYHRIWKHH[SHULPHQWDOSDUWRIWKLVSDSHUZDVWR
FRPSDUHODERUDWRU\DQGLQGXVWULDOJULQGLQJRIIO\DVKLQFKRVHQUHJLRQDOFRQGLWLRQVLQWHUPVRIIO\DVKSURGXFHGE\
DFKRVHQUHJLRQDOFRPSDQ\
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DVZHOODVUHIHUHQFHQRQJURXQGVDPSOHDUHVKRZQLQ7DEOH$VFDQEHVHHQ WKHVPDOOHVWSDUWLFOHVL]HDFKLHYHG
ZDVLQUDQJHRIP
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,W LVREYLRXV WKDW WKHKLJKHVWSRUWLRQRI IO\DVKSDUWLFOHV LVRIGLDPHWHUȝPZKLOHPRVWHIIHFWLYHJULQGLQJ
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
)LJ*UDQXORPHWULFFRPSRVLWLRQRIVDPSOHRIQRQJURXQGIO\DVK39+DQGVDPSOHVDIWHUFRPPHUFLDOJULQGLQJZLWKRXWJULQGLQJDLG

)LJ*UDQXORPHWULFFRPSRVLWLRQRIVDPSOHRIQRQJURXQGIO\DVK39+DQGVDPSOHVDIWHUFRPPHUFLDOJULQGLQJZLWKJULQGLQJDLG
7KHFRPSDULVRQRIWKHVDPSOHVFOHDUO\VKRZVWKDW WKHPRVWHIIHFWLYHJULQGLQJZDVDFKLHYHGGXULQJPLQXWHV
ZKHUHWKHKLJKHVWSRUWLRQVDUHLQWKHUDQJHEHWZHHQWRȝPLQERWKFDVHVJULQGLQJZLWKRXWZLWKJULQGLQJDLG
)URPȝPRQZDUGVWKHSRUWLRQVGHFUHDVH
,QJHQHUDO ODERUDWRU\JULQGLQJ LQFUHDVHV WKHSRUWLRQRI ILQHSDUWLFOHVZLWKGLDPHWHUV RI ȝPRQO\ VOLJKWO\
ZKLOHSHULRGRIJULQGLQJWLPHDOVRGRHVQRWKDYHVLJQLILFDQWLQIOXHQFHRQWKLVSDUDPHWHU,QGXVWULDOJULQGLQJZLWKRXW
DLG LQFUHDVHVDPRXQWRI ILQHSDUWLFOHVZLWKGLDPHWHUVRIȝPZKLOHZLWK LQFUHDVHGSHULRGVRIJULQGLQJ WLPHV
SRUWLRQRIWKHVHSDUWLFOHVLQFUHDVHVWRR)UDFWLRQVRIRWKHUVL]HVRISDUWLFOHVDUHVPDOOHULQWKHJURXQGVDPSOHVWKDQ
LQ WKH UHIHUHQFH VDPSOH ,QGXVWULDOJULQGLQJZLWKDLGDFKLHYHVQHDUO\ WKH VDPHSDUWLFOH UDQJHVDVJULQGLQJZLWKRXW
DLG
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&RQFOXVLRQ
7KHUHVXOWVLQGLFDWHWKHHIIHFWRIWKHJULQGLQJSDUDPHWHUVRQJUDQXORPHWU\RIDIO\DVK,QDOOFDVHVLQFOXGLQJERWK
JURXQGVDPSOHVDQGRULJLQDOUHIHUHQFHIO\DVKVDPSOHWKHUHLVWKHKLJKHVWSRUWLRQRISDUWLFOHVZLWKGLDPHWHURI
ȝPSUHVHQW /DERUDWRU\ JULQGLQJ LQFUHDVHV WKH SRUWLRQ RI SDUWLFOHV LQ WKLV UDQJH RQO\ VOLJKWO\ ,QGXVWULDO JULQGLQJ
LQFUHDVHVWKHSRUWLRQIURPRULJLQDOWRZKLOHWKHPRVWHIIHFWLYHSHULRGRIJULQGLQJWLPHLVPLQXWHV,Q
FRQGLWLRQVXVHGJULQGLQJZLWKDQGZLWKRXWJULQGLQJDLGGLGQRWVKRZVLJQLILFDQWGLIIHUHQFHV+RZHYHUHIILFLHQF\RI
PLQXWH JULQGLQJ WR FRPSDUHZLWK PLQXWH JULQGLQJ RQO\ DFKLHYHV JDLQLQJ  RI WKH IUDFWLRQ RI  ȝP
SDUWLFOHV ZKHQ JULQGLQJZLWK DLG DQG ZLWKRXW DLG WKHUHIRUH LW LV QHFHVVDU\ WR FRQVLGHU WKH DVVHW LQ WHUPV RI
LQFUHDVHGHQHUJ\H[SHQVHV

7KH WUHDWPHQW RI UDZPDWHULDOVPD\ HQKDQFH VRPHRI WKH FRQFUHWHSDUDPHWHUVZKLOH GHWHULRUDWLQJRWKHUV1RW
RQO\ WKH ILQDOSDUDPHWHUVRI WKHFRQFUHWHEXWDOVR WKH WHFKQRORJLFDORQHVHJFRQVLVWHQF\FRPSDFWLELOLW\VHWWLQJ
WLPHHWFDUHDIIHFWHG7KHUHIRUHDQ\ZD\RIWUHDWPHQWDQGRSWLPLVDWLRQRIHQWU\UDZPDWHULDOVLVDUHVXOWRIORRNLQJ
IRUOLPLWLQJYDOXHVDQGLQWHUDFWLRQVIROORZHGE\HVWDEOLVKLQJSULRULWLHVDQGDSSO\LQJFRPSURPLVHV7KHSHUVSHFWLYH
LQ WKLV ILHOG LV D PHFKDQLFDO RU PHFKDQLFDOFKHPLFDO WUHDWPHQW RI UDZ PDWHULDOV IROORZHG E\ GHYHORSPHQW RI
FRQFUHWHVEDVHGRQXOWUDILQHDGGLWLYHV

$FNQRZOHGJHPHQWV
7KLVUHVHDUFKKDVEHHQFDUULHGRXWZLWKLQWKH6*$SURMHFW
5HIHUHQFHV
>@$5DL'5DR8WLOLVDWLRQSRWHQWLDOVRILQGXVWULDOPLQLQJUHMHFWVDQGWDLOLRQJVDVEXLOGLQJPDWHULDOV0DQDJHPHQWDQG(QYLURQPHQWDO4XDOLW\
9RO
>@ /L+XLHWDO0LFURVWUXFWXUHRIFHPHQWPRUWDUZLWKQDQRSDUWLFOHV&RPSRVLWHV3DUW%(QJLQHHULQJ9RO,VVS
>@ .5DNHVHWDO7RZDUGVVXVWDLQDEOHVROXWLRQVIRUIO\DVKWKURXJKPHFKDQLFDODFWLYDWLRQ5HVRXUFHV&RQVHUYDWLRQDQG5HF\FOLQJ9RO,VV
S
>@ 6<D]LFL 66$UHO (IIHFWV RI IO\ DVK ILQHQHVV RQ WKHPHFKDQLFDO SURSHUWLHV RI FRQFUHWH 6DGKDQD9RO 3DUW  ,QGLDQ$FDGHP\ RI
6FLHQFHV-XQHS±
>@ :X +XL ;LDR4LDQ 4LDQ /L &KRQJ]KL /L )HL (IIHFW RI *ULQGLQJ0HWKRGV RQ WKH 3HUIRUPDQFH RI *URXQG )O\ $VK 6FLHQFWLILF 1HW
0DWHULDOV6FLHQFHDQG(QJLQHHULQJ
>@ 3&KLQGDSUDVLUW&K -DWXUDSLWDNNXO76LQVLUL(IIHFWRI IO\DVK ILQHQHVVRQFRPSUHVVLYHVWUHQJWKDQGSRUHVL]HRIEOHQGHGFHPHQWSDVWH
&HPHQW	&RQFUHWH&RPSRVLWHV9ROS±
>@ : 7DQJFKLUDSDW 5 %XUDQDVLQJ &K -DWXUDSLWDNNXO 8VH RI +LJK )LQHQHVV RI )O\ $VK WR ,PSURYH 3URSHUWLHV RI 5HF\FOHG $JJUHJDWH
&RQFUHWH-RXUQDORI0DWHULDOVLQ&LYLO(QJLQHHULQJ9RO1RS
>@ --XQiN1âWHYXORYi(YDOXDWLRQRIPHFKDQLFDOO\DQGFKHPLFDOO\WUHDWLQJRIFRDOIO\DVKHVDVWKHSDUWLDOFHPHQWUHSODFHPHQWLQFRQFUHWH
,Q6HOHFWHG6FLHQWLILF3DSHUV9ROS

